ABSTRACT: ISC-AERMOD dispersion model was used to predict air dispersion plumes from an diesel power plant complex. Emissions of NO 2 and SO 2 from stacks (5 numbers) and a waste oil incinerator were studied to evaluate the pollutant dispersion patterns and the risk of nearby population. Emission source strengths from the individual point sources were also evaluated to determine the sources of significant attribution. Results demonstrated the dispersions of pollutants were influenced by the dominant easterly wind direction with the cumulative maximum ground level concentrations of 589.86 µg/m 3 (1 h TWA NO 2 ) and 479.26 µg/m 3 (1 h TWA SO 2 ). Model performance evaluation by comparing the predicted concentrations with observed values at ten locations for the individual air pollutants using rigorous statistical procedures were found to be in good agreement. Among all the emission sources within the facility complex, SESB-Power (diesel power plant) had been singled out as a significant source of emission that contributed >85% of the total pollutants emitted.
INTRODUCTION
Significant emissions of air pollutants, particularly in industrialised areas have always been a concern to in plant workers and nearby population in terms of air quality management. This is mainly due to the complexity of emissions sources, load of emissions, and type of emissions, variability of the local meteorological and terrain conditions as well as the presence of sensitive receptors in the surroundings of the air pollution sources. Air dispersion models (ADM) have been widely used to investigate the dispersion patterns and behaviour of air emissions in such areas (Mehdizadeh and Rifai, 2004) , and also to assess the potential hazards to the human health (Zhou, et al., 2003; James, et al., 1995) . ADMs are also used in air quality impact assessment on specific industrial facilities or a group of industry to assess the cumulative impact on the downwind pollutant concentrations and to predict future air quality in the surrounding for environmental management planning purposes. They are also used as a tool in environmental auditing exercises on the assessment audit of air quality impact as well as on the air pollution control efficiency on specific facilities. The model generated results could facilitate the respective authorities to make appropriate actions in accordance to the requirements of the relevant environmental laws and regulations. Point source emissions from various industrial sources have been the target for investigating the pollutants dispersion pattern by using various types of ADMs. For example, in power plants emission, ADMS 3.1 dispersion model had been used to model the dispersion of SO 2 (Carruthers, et al., 1997; Bennet and Hunter, 1997; Carslaw and Beevers, 2002 ), ISCST3 dispersion model for CO and NO x (Venegas and Mazzeo, 2005) , and CALPUFF dispersion model for PM 2.5 and other gases (Zhou, et al., 2003) . Air dispersion model such as SCREEN was also used to study the dispersion of VOCs from various types of industries and their impact to the surrounding residential areas (James, et al., 1995) .
MATERIALS AND METHODS

Locality of study area
The objectives of this study were to model or predict the maximum ground level concentrations of SO 2 and NO 2 emitted from Melawa Power Plant Facility Complex (MPPFC) as shown in Fig. 1 in order to assess the cumulative impact of emission to the surrounding environment using ISC-AERMOD View. Potential impact of pollutants exposure on selected discrete receptors within the 2 km x 2 km domain coverage was also assessed. The study also sought to determine the pollutants sources strength from emission sources within the MPPFC. MPPFC (latitude 6° 8'N; longitude 116° 13'E) is located within the Kota Kinabalu Industrial Park (KKIP). KKIP is an area established by the State Government for development of various types of industrial activities ranging from light to heavy industries, housing, commercial, institutions and conservation areas. As the development of KKIP area is still at its early stage, currently the only significant stationary source of air pollutants in this area is from the MPPFC. The MPPFC comprises of two power plants (SESB-Power and ARL-Power) and a waste oil incinerator (ARL-Incinerator). The facility is located on a 4.4-hactare land with elevation at approximately 15 meters above mean sea level. It is located about 23 km northeast of Kota Kinabalu City centre. The MPPFC is surrounded by industrial complexes on the east, and residential houses and institutions on the west, north and south (Fig. 1) . Within the domain coverage of 3 km by 3 km, the topography is generally flat with ridges ranging from 5 m to 100 m in elevation. ISC-AERMOD View is the latest version of ISC models (Industrial Source Complex). It is a complete and powerful air dispersion modelling package which seamlessly incorporates the popular United States Environmental Protection Agency (USEPA) models into one interface: ISCST3, ISC-PRIME, AERMOD and AERMOD-PRIME. ISC-AERMOD view has incorporated the Plume Rise Model Enhancements (PRIME) building downwash algorithms, which provide a more realistic handling of downwash effects than previous approaches (MEO, 2003) . PRIME model was designed to incorporate two fundamentals features associated with building wash which are (a) the enhanced plume coefficients due to the turbulent wake, and (b) the reduced plume rise caused by combination of the descending streamlines in the lees of buildings and the enlarged entrainments in the wakes. ISC-AERMOD packaged is supported by Building Profile Input Program (BPIP) View which is a graphical user interface designed to speed up the work involved in setting up input data for the BPIP. BPIP was used to perform building downwash analysis for point sources in order to run the model. Data input for location and dimension of buildings (structures) and stacks can be done either by graphic, where the buildings and stacks can be digitised on the screen with the mouse, or by text mode, where information can be added in a spreadsheet-like input form. Int. J. Environ. Sci. Tech., 4 (2): 215-222, 2007 ISC-AERMOD View has also incorporated essential user-friendly options such as complete RAMMET and AERMET meteorological data pre-processing and multiple pollutant utilities for modelling multiple pollutants in a single ISCST3, ISC-PRIME or AERMOD run (Jesse, et al., 2000) . The AERMET program is a meteorological pre-processor, which prepares hourly surface data and upper air data in the modelling. AERMET processes meteorological data in three stages. Firstly, the meteorological data extracted from archive data files and processed the data through various quality assessment checks. Secondly, all the available data for 24 h. periods were merged and stored in a single file. Lastly, the merged data was read and boundary layer parameters were estimated for use in the AERMOD model. Wind rose was also plotted using WRPLOT View based on the analysed meteorological data.
The ISC-AERMOD View interface uses six pathways that compose the run stream file as the basis for its functional organization (Jesse, et al., 2000) . These pathways are:
• Control Pathway (CO): Where the modelling scenario is specified, and control of the overall modelling run;
• Source Pathway (SO): Where the sources of pollutant emissions are defined;
• Receptor Pathway (RE): Where the air quality impacts on specific receptors locations are defined;
• Meteorological Pathway (ME): Where the atmospheric conditions of the area being modelled are defined;
• Terrain Grid Pathway (TG): Where the option of specifying gridded terrain data to be used in calculating dry deposition in elevated or complex terrain is available, and
• Output Pathway (OU): Where the output results are defined.
Data acquisition Meteorological data
The meteorological parameters data input for this modelling were obtained from the surface weather observatory station at Kota Kinabalu International Airport located 40 km south of the MPPFC. A detailed analysis of the meteorological data such as ceiling height, wind speed, wind direction, air temperature, total cloud opacity and total cloud amount has been made over five years (1996) (1997) (1998) (1999) (2000) (2001) . The dominant wind direction was of easterly wind. The wind speed was in the range between 1.3 and 3.6 m/s with an average of 1.97 m/s. A multi-directional wind was taken into account for this study to calculate the overall dispersion of pollutant concentration surrounding the point sources area. About 35.5% of the time, this easterly wind speed was within the range between 0.5 m/s and 3.6 m/s. Referring to the annual 24 h wind direction, the frequencies of other wind directions were all below 10%. In determining atmospheric stability, Turner's Stability Classification Method was used. In this study, for short time periods, atmospheric stability of the atmosphere was assumed to be constant and based on the mean velocity of the wind speed, the atmospheric stability of Class B was chosen which is defined to be moderately not stable. Movement of air in the vertical dimension is enhanced by vertical temperature differences. The steeper the temperature gradient is, the more vigorous the convective and turbulent mixing of the atmosphere. The larger the vertical column in which turbulent mixing occurs, the more effective the dispersion process, which is defined by the mixing height. Mixing height used in this study was 1,000 m.
Building and stack data
For modelling purposes, the physical and emission data of each stack within the MPPFC site were obtained from the database supply by MPPFC operators. Location and dimension of stack, building and any major structure within the complex were also obtained as an input for BPIP in calculating and analysing the building downwash effects. BPIP data input for location and dimension of buildings (structures) and stacks can be done either digitising graphically on the screen or adding structures information in a spreadsheet. Table  1 summarises the operational characteristics and stack and emission properties of the MPPFC.
Air quality monitoring
The current status of air quality within the study domain was determined by on site ground level measurement. Ground level measurements of pollutants at ten sites within the domain coverage were established. The ground level monitoring sites (R1-R10) are situated at strategic locations mainly in residential areas as well as institutional and industrial sites as shown in Fig. 1 . The monitoring sites were also identified as discrete receptors locations. The ground level concentrations data of pollutants were used to validate the predicted value from the emission modelling. 
Receptors information
In evaluating the exposure of pollutants emission from the MPPFC to the surrounding population, ten discrete receptors (R1-R13) were selected within the study area (Fig. 1) . Most of the receptors are residential and institutional areas ( Table 2 ). In assessing the potential impact on public health, the predicted values were compared with/to the Malaysian Ambient Air Quality Guideline Standard (DOE Malaysia, 2000) for the respective pollutants.
Model performance criteria
The applications of rigorous statistical procedures (Hanna, 1989; Kumar, et al., 1999) were used to quantitatively evaluate the performance of the model. Generally, the model would be considered acceptable if it meets the following performance criteria: 
RESULTS
Cumulative and individual impacts assessment
Cumulative impact on ground level concentrations of pollutants, emitted from combined sources was modelled and the results are depicted in Figs. 2 and 3 . Similar dispersion patterns were also observed for individual source (SESB-Power, ARL-Power and ARLIncinerator) but with varied ground level concentrations as shown in Table 3 . Based on worse-case scenario, where both power plants and incinerator were in operation, the predicted maximum 1 h averaging ground level concentration of NO 2 was 613.851µg/m 3 , which was observed at approximate distance of 1.0 km to the southwest (coordinate x-430312.72, y-5299302.00). Maximum ground level concentration of SO 2 was also observed at approximately similar distance and direction of that NO 2 , which was 554.48 µg/m 3 (coordinate x -430312.72, y -5299302.00). The ground level concentrations of the pollutants at receptors in residential/villages and institutional areas are shown in Table 3 . During the study period, the SESB-Power was not in operation (note: the power plant was not fully in operation since a year ago due to technical and economic reasons). Based on the current scenario (without SESBPower), the ground level concentrations were expected primarily from ARL-Power with some attribution from ARL-Incinerator. Potential health impact on receptors was assessed by comparing the predicted ground level concentrations with/to the Malaysian Ambient Air Quality Guideline (DOE Malaysia, 2000) . Based on the worse scenario receptors such as Tmn Sapangar (R9), KK Politeknik (R6) and Kg. Salut (R4) were exposed to high concentration of NO 2 , which exceeded the limit of 320 µg/m 3 (1h, TWA). SO 2 was also observed to exceed the limit of 350 µg/ m 3 (1h, TWA) at Kg. Malawa/Tmn Sapangar. However, considering that the SESB-Power was not in operation during the study time, the ground level concentrations of NO 2 and SO 2 at all receptors observed were well below the allowable limits. Based on the current scenario, ground level pollutant concentrations would not impose any significant impact to the nearby area. 
Model performance evaluation
To evaluate the performance of the model, the concentrations of the observed and predicted pollutants were statistically measured and the results of the model performance analysis are presented in Table 4 . Based on the Fractional Bias (FB) values, the performance of the model for NO 2 and SO 2 at each monitoring sites/receptors location were within the acceptable ranges (-0.5d"FBd"0.5) except for NO 2 at R10. Performance measures in term of Normalised Mean Square Error (NMSE) were also found to be satisfying the criteria (d"0.5). The results showed reasonably good agreement between the predicted and observed values. Meanwhile, the performance measurements were based on Factor of 2 (FAC2) with more than 90% of the hourly average values within a factor of two (with ≥0.8). Three locations namely, R10 (for NO 2 and SO 2 ) and R5 (for NO 2 ) were observed to have less than the acceptable limit of ≥0.8, but still within a factor of two. Traffic emissions particularly NO 2 could partly attribute this result.
Emission source strengths
This study was also aimed to identify the emission source strength of each source of emission within the MPPFC. Relative emission-source strength has been determined at locations where recorded maximum ground level concentrations of pollutants by calculating the percentage of attribution. Table 5 shows the attribution of each source to the ground level concentrations. Based on worse-case scenario, it had been observed that SESB-Power has attributed more than 85% of ground level concentration of NO 2 and SO 2 . Meanwhile the emission attributions from ARLPower and ARL-Incinerator for all pollutants were generally less than 15%. Apart from the characteristics of the emission load of pollutants from the SESB-Power, which are relatively higher, other possible explanation could be due to the building downwash effect. The heights of the three stacks of SESB-Power are relatively shorter (9 m) than the height of the power plant building (20 m). Buildings and other structures near a relatively short stack can have a substantial effect on plume transport and dispersion, and on the resulting ground level concentrations that are observed. The stack height factor has induced the occurrence of building downwash phenomena within the facility complex, which had drawing the plume to the ground near the source (Venkatram, et al., 2004) . When the airflow meets power plant building, it is forced up and over the building. On the lee side of the building, the flow separates leaving a closed circulation containing lower wind speeds. Farther downwind, the turbulent wake zone was created where the airflow forced downward again and in addition with the creation of shear, which induced more turbulence. The plume emissions from the SESB-Power most likely caught in the cavity and if the plume escaped the cavity, but remains in the turbulent wake, it may be carried downward and dispersed more rapidly by the turbulence. This condition could result in either higher or lower concentrations than would occur without the building. It is depending on whether the reduced stacks height or increased turbulent diffusion has the greater effect. In minimising the building downwash effect installation of at least twice the height of adjacent building as the operating rule should be sufficient to minimise the effect of building downwash (Wark, et al., 1998) , or application of good engineering practice of stack height (MEO, 2003) . The higher stacks enabled pollution to be dispersed away from the source areas competently compare to the shorter stacks (Downer and Radojevic, 1992) .
DISCUSSION AND CONCLUSION
This study has focused on ground level observations and modelling analyses of NO 2 and SO 2 dispersion from various elevated point sources within the MPPFC in elucidating pollutants dispersion patterns, emission source strengths and emission potential risks on selected receptors within the domain coverage. Modelling analysis using ISC AERMOD View showed that the two pollutants were dispersed dominantly to the west in corresponding with the easterly dominant wind direction. Small fractions were also dispersed to the east and north directions. Analysis on the emission source strengths showed that emission from SESB-Power has attributed to the emission of more than 85% of NO 2 and SO 2 . This suggests that SESBPower had significantly attributed to the ground level concentration of pollutants in the study area. One of the main factors that could lead to this result was the height of the stacks, which were found to be shorter and not conformed to the stack height requirement. This condition has allowed the building downwash phenomena to occur which had drawing the plume to the ground near the source. A total number of discrete receptors, mainly residential area within the domain coverage were assessed in terms of exposure to air pollutants by comparing with the Malaysian Ambient Air Quality Standard Guidelines. The computer simulated results based on worse case scenario showed that receptors such as Kg. Malawa/Tmn Sapangar (R9), KK Politeknik (R6) and Kg. Salut (R4) were exposed to high concentration of NO 2 , which exceeded the limit of 320 µg/m 3 (1h, TWA). SO 2 was also observed to exceed the limit of 350 µg/m 3 (1h, TWA) at Kg. Malawa/Tmn Sapangar. However, by considering that the SESBPower was not in operation during the study period, the ground level concentrations of NO 2 and SO 2 at all receptors were observed to be well below the allowable limits. Based on the current scenario, the pollutants ground level concentrations would not impose any significant impact to the surrounding area. 
